Exposure to nitrous oxide can lead to impaired production of DNA (Amess et al., 1978) , an effect likely to cause disturbance in tissues undergoing rapid cell division, such as in a healing wound. We have investigated the effect of nitrous oxide exposure on wound healing in the rat, by measuring the force (breaking strength) required to produce rupture of a wound sample under standardized conditions.
Exposure to nitrous oxide can lead to impaired production of DNA (Amess et al., 1978) , an effect likely to cause disturbance in tissues undergoing rapid cell division, such as in a healing wound. We have investigated the effect of nitrous oxide exposure on wound healing in the rat, by measuring the force (breaking strength) required to produce rupture of a wound sample under standardized conditions.
MATERIALS AND METHODS
Experiment one. Twenty-four mature, female, Albino-Swiss rats were anaesthetized with ether in air and a 4-cm skin incision was made in a paravertebral area which had been confirmed as an area of active hair growth. The wounds were closed using interrupted silk sutures at 5-mm intervals.
Twelve rats were placed in a specially adapted plastic container, with a Perspex lid and an internal volume of 90 litre. The fresh gas flow into the container was nitrous oxide 66 ml min" 1 and air 2.2 litre min"
1 . This gave a nominal concentration of 3% nitrous oxide. The remaining 12 rats (controls) were placed in a similar container and exposed to air 2.25 litre min" 1 only. All the animals were allowed free access to food (Oxoid Breeding Diet) and water throughout the period of exposure.
Concentrations of nitrous oxide, carbon dioxide and oxygen were measured at regular intervals, both within the container and at the exhaust port, using a Bedfont TM40 nitrous oxide analyser, a Hartmann and Braun URAS4 carbon dioxide analyser and a Servomex OA570 oxygen analyser. After 48 h the animals were removed from the containers and returned to their normal animal house environment.
SUMMARY
Between the 15 th and the 18th day following incision, the animals were killed using an overdose of ether, and an area of skin containing the healing wound was removed and stored in Ringer's lactate solution.
Experiment two. Forty rats were prepared as before. Twenty were exposed to 50% nitrous oxide in oxygen, using a fresh gas flow of Entonox 9 litre min" 1 , for 4 h each day for 7 days. A control group (20 rats) was exposed to 50% nitrogen in oxygen, using a fresh gas flow of air 5.75 litre min" 1 with oxygen 3.25 litre min" 1 , for similar periods. On the 8th day the animals were killed and skin specimens prepared as before.
Wound breaking strength was determined using a modification of the method of Than Than and others (1979) using an Instron tensile test machine (TT-CM, Instron Limited, High Wycombe, Bucks). Three samples from each wound were tested, as fol-BRITISH JOURNAL OF ANAESTHESIA lows. Using a multi-bladed template the skin was cut into parallel strips, each 3 mm wide. All visible sutures were carefully removed and the test strip mounted in spring-loaded grips. The length of specimen between the grips was 25 mm, with the wound in the middle of the strip. The specimen, immersed in Ringer's lactate solution, was stretched at a constant rate of 50 mm min" 1 until rupture occurred. The force applied to the skin sample was measured continuously and the force applied at the time of rupture taken as the breaking strength. The results obtained were analysed using the WilcoxonMann-Whitney U test, using the two-sided P value.
RESULTS
In experiment 1, gas concentrations in the exposure chambers were all within intended limits. Nitrous oxide varied from 2.8% to 3.25%, carbon dioxide was 2.1% and oxygen was 18.6%. In experiment 2, carbon dioxide concentrations did not exceed 0.5%.
The results for experiment 1 are given in table I. Median value for the group exposed to 3% nitrous oxide was 183.5 g and median value for the control group was 172.5 g. There was no statistically significant difference between the groups (P = 0.15).
In experiment 2 (table II) , median value was 129 g for the group exposed to 50% nitrous oxide and 152.5 g for the control group (P = 0.25).
DISCUSSION
It is now clear that nitrous oxide is capable of oxidizing vitamin B u from an active, Cob-I-alamin form, to an inactive, Cob-II-alamin form (Banks, Henderson and Pratt, 1968) . This oxidation by nitrous oxide and its implications for DNA production have recently received considerable attention. As vitamin B )2 is a co-factor for the enzyme methionine synthase, exposure to nitrous oxide can cause inactivation of this enzyme, both when given in commonly used anaesthetic concentrations to animals (Deacon et al., 1980) and to man (Koblin et al., 1982) , and when given in low concentrations for long periods to animals (Sharer et al., 1983) . Because of its important role in folate metabolism, decreased activity of methionine synthase can lead to impaired production of DNA, when assessed by the deoxyuridine suppression test (Amess et al., 1978; Deacon et al., 1980) . As would be expected from this effect on DNA, the tissues which have so far been identified as being most at risk are those tissues in which there is rapid cell division, for example: the bone marrow (Amess et al., 1978) , cells involved in sperm production (Kripke et al., 1976) , and the cells of the developing fetus (Viera et al., 1980) . The fibroblast proliferation which occurs in the early stages of wound healing might also be at risk from nitrous oxide toxicity. The measurement of breaking strength has been used previously as an index of wound healing. Breaking strength of skin wounds was decreased, in animals, by cancer chemotherapy (Devereux et al., 1979) , by pressure ischaemia (Lauritzen, Bagge and Bjursten, 1981) and following laparotomy (Than Than et al., 1979) . However, a standardized technique is important if consistent results are to be obtained (White et al., 1971) . Parbrook (1967) measured breaking strength after prolonged exposure to nitrous oxide. The tensiometric techniques available at that time were crude in comparison with the method used in this study, and so may have been unable to detect a small change in the quality of wound healing. Shah and others (1978) made a histological examination of wounds from rats exposed to nitrous oxide and found no difference from controls, but this type of assessment would be unlikely to detect minor alterations in wound healing.
In the present study, nitrous oxide produced no detectable change in wound healing, compared with controls, in either experiment. Breaking strength of the wounds showed considerable variability. The ratios of the standard deviation to the mean of the results for both the exposed and the control groups were, however, comparable to those obtained in similar tests by Glaser and others (1965) , Parbrook (1967) and Than Than and colleagues (1979) .
By testing wound samples during the 3rd week (experiment 1) and at the start of the 2nd week (experiment 2) following the skin incision, we hoped to detect any change in the rapid increase in wound strength which occurs during the first 2 weeks of wound healing (Sandberg and Zederfeldt, 1963) . In experiment 1, testing of wound samples was spread over 4 days. This prevented the interval between obtaining samples and tensile testing from becoming excessively long. In experiment 2, exposure to nitrous oxide was staggered in such a way as to allow all animals to be killed on day 8 of the experiment.
By using a low concentration of nitrous oxide in experiment 1, it was hoped to avoid the high mortality which has been found by some workers when rats are exposed to high concentrations of nitrous oxide for prolonged periods (Green and Eastwood, 1963) , but still produce significant inactivation of methionine synthase (Sharer et al., 1983) . However, because this exposure produced no detectable effect on breaking strength, and because we were unable to measure methionine synthase activity directly, it was decided to use (in experiment 2) a considerably higher concentration of nitrous oxide and to extend the exposures over a much longer period.
In both experiments, standardized techniques for wound production, preparation of the final specimens and the use of an accurate and repeatable method of tensile testing, were intended to ensure the best opportunity of detecting any change in the quality of wound healing that occurred. The fact that we could find no effect of nitrous oxide exposure, even when, as in experiment 2, the exposure to nitrous oxide would be sufficient to reduce methionine synthase activity dramatically for the entire period of the study, would suggest that nitrous oxide is unlikely to have an important clinical effect on wound healing.
